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Abstract. We present a preliminary measurement sensitive to the ϒ(1S) polarization in dimuon
events from pp̄ collisions at 1.96 TeV, using the CDF || detector at the Fermilab Tevatron. The
measurement is conducted over a pT range of 2-40 GeV/c, based on data comprising an integrated
luminosity of 2.9 fb−1.
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INTRODUCTION

Quarkonium production and polarization is not adequately described by the Quantum
Chromodynamics Color Singlet Model (CSM). In the CSM, one naively expects prompt
vector-meson production to be suppressed because three high q2 gluons are needed to
produce the colorless state [1]. However, CDF Run I measurements found prompt J/ψ
and ψ ′ production to be significantly enhanced, with the ψ ′ cross section fifty times the
leading order expectation [2]. Non-Relativistic Quantum Chromodynamics (NRQCD)
theory introduces a color octet model that accurately predicts the J/ψ and ϒ production
cross section [3]. However, NRQCD does not correctly model charmonium polarization,
predicting strong transverse polarization at high momentum (pT/M� 1) [4] while the
CDF Run I and Run II data show a trend toward longitudinal polarization at high pT [5].
There is some question as to whether charm quarks are heavy enough to be modeled as
non-relativistic particles. Thus the measurements of the properties of bottomonium are
essential. This proceeding describes an ϒ(1S) polarization measurement using 2.9 fb−1

of CDF data.

DECAY ANGLE DISTRIBUTIONS IN THE HELICITY FRAME

The parameter α describes the shape of the angular distribution dN
d(cosθ∗) ∝ 1+α cos2 θ ∗

where θ ∗ is defined as the angle between the µ+ direction in the ϒ rest frame and the ϒ

momentum direction in the laboratory frame. The polarization is fully transverse when
α = 1 and fully longitudinal when α =−1. This s-channel helicity frame has historically
been preferred for polarization measurements at high pT collider experiments.
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FIGURE 1. ϒ mass distribution using 2.4 fb−1 yields ∼83,000 events for ϒ(1S).

ϒ CANDIDATE SELECTION

ϒ candidates are selected online using central (|η |< 0.6) dimuon triggers which require
loose matching between charged particle tracks in the central drift chamber to muon
hit segments in the central muon drift chambers followed by the requirement that the
dimuon mass lies in the ϒ mass region between 8.0 and 12 GeV/c2. Additional track
quality, acceptance, dimuon vertex probability, and Lxy cuts are imposed in the offline
analysis. The resulting dimuon invariant mass spectrum is shown in Figure 1, yielding
approximately 83,000 ϒ(1S) signal events in 2.9 fb−1 of data.

POLARIZATION MEASUREMENT

To measure the ϒ polarization, the ϒ→ µ+µ− yield is determined in bins of pT and
cosθ ∗. The ϒ yield measurements are performed in eight bins of pT of varying widths
between 2 GeV/c and 40 GeV/c. Then, in each pT bin, the ϒ→ µ+µ− yield is measured
in 10 bins of cosθ ∗. A template method is used to correct for apparatus acceptance
and trigger conditions that affect the angular distribution of the signal. The templates
are generated using simulated samples of ϒ generated with fully transverse (α = 1)
and fully longitudinal polarizations (α =−1). These templates are weighted to find the
proper admixture of polarization that agrees with the data.

Proper treatment of the background is crucial to the measurement of the ϒ polariza-
tion. To correct for the background in the ϒ data sample, the angular distribution (cosθ ∗)
of the background in the ϒ mass side-band regions is measured. Simultaneous fits are
then made to the polarization parameter and background in bins of cosθ ∗. The results of
these fits for three pT ranges are shown in Figure 2. The figures show that the higher pT
bins are most sensitive to differences between polarization hypothesis but suffer from
acceptance limits.
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FIGURE 2. ϒ yield as a function of cosθ ∗ in a low, medium, and high pT region. The green points are
the data, the blue points represent the longitudinal template, the red points show the transverse template,
and the black distribution shows the best fit combination.

SYSTEMATIC UNCERTAINTIES

Several potential sources of systematic uncertainties were studied including the muon
efficiency function used in the simulation, the ϒ mass parametrization and signal range,
the minimum muon pT requirement, the fitting technique, and the cosθ ∗ bin width and
resolution. The largest source of systematic uncertainty was due to the muon efficiency
function and was found to be small; the remaining sources were negligible. The overall
precision on this measurement is limited by statistical uncertainty.

RESULTS

Having measured the yields in bins of pT and cosθ ∗ and performed fits to determine
the proper admixture of the longitudinal and transverse templates, we extract the polar-
ization parameter α as a function of pT as shown in Figure 3. We observe almost zero
polarization at low pT with a trend toward longitudinal polarization with increasing pT .
The green band shows the NRQCD prediction which indicates transverse polarization at
high pT [4].

SUMMARY AND PLANS

The polarization as a function of pT of the ϒ(1S) has been measured at CDF using
2.9 fb−1. The result does not agree well with NRQCD predictions. Thus, the puzzle of
heavy quark vector-meson properties remains. The CDF measurement can be improved
with the inclusion of additional data, the analysis of angular distributions in alternative
reference frames (e.g., Collins-Soper), and refined measurement techniques.



FIGURE 3. ϒ(1S) prompt polarization, including feed-down from χb and ϒ(nS) states. The green band
is the NRQCD prediction including feed-down [4].
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